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fight. There are very few studies investigating thiol-disulphide balance in infections 6, 7 . Contrary to cytokine levels, the effect of ozone on the thiol-disulphide balance has not yet been well-studied in infection models.
In this experimental study we investigated the microbiological, inflammatory and oxidant effects of adjuvant ozone administration in S. aureus induced vascular graft infection. This is the first study to investigate the effect of ozone to thioldisulphide homeostasis in experimental model of infection.
■ Methods
The experimental design and protocol were approved by the Animal Care Committee of Adnan Menderes University (2012/092). The animal care was conducted in accordance with the National Institute of Health's Guide for Care and Use of Laboratory animals.
Adult male Wistar rats were (250-300g body weight) used in the study. The animals were housed at controlled room temperature (24±2°C) with a 12-h dark-light cycle and had free access to standard rat chow and tap water.
Vascular graft infection model
Under sterile conditions a gelatinesealed Dacron graft (Gelseal; SuzerVascutek Ltd, UK) was tailored to form 1 cm 2 sized graft pieces. The rats were anesthetized with an intraperitoneal injection of ketamine hydrochloride (90 mg/kg, Ketalar, Pfizer, Turkey) and xylazine (3 mg/kg, Rompun, Bayer,Turkey). After shaving the hair on back of the animals the skin was cleaned with 10% povidone iodine solution and covered with sterile dressing. Through 1.5 cm long right paramedian incisions subcutaneous pockets were prepared according to previous reports 8 .
Methicillin resistant S. aureus ATCC 43300 (MRSA) strain was used as the infecting

■ Introduction
Vascular graft infections are among the most important complications in vascular surgery with an estimated incidence of 1-6%. Despite the significant improvement in the treatment and prevention of these infections, the mortality risk is still high reaching up to 70% in limb graft infections and to 75% in intraabdominal graft infections 1 . Contamination of the vascular graft material generally occurs during the operative period or in the immediate postoperative period. Staphylococcus aureus (S. aureus) and Staphylococcus epidermidis (S. epidermidis) which are the most predominant microorganisms found in skin may easily contaminate the vascular grafts 1 . S. aureus and coagulase-negative staphylococci are the causative microorganisms in 70-90% of the postoperative cardiac, thoracic and vascular infections 2 . Ozone (O 3 ), a useful disinfectant, is a naturally formed compound consisting of three oxygen atoms. The agent can potently inactivate bacteria, spores, and viruses within a few minutes 3 . Ozone is clinically effective in the treatment of infected wounds 4 . In several experimental infectious models, ozone therapy has been shown to have beneficial effects when applied as an adjunct to standard antibiotic treatment 5 . Thiols are organic sulphur derivatives that contain sulfhydryl residues (-SH) at their active site. Thiols react easily with oxygencontaining free radicals to form disulphides. Once formed, the disulphide bonds can be reduced to thiol groups again, maintaining the thiol-disulphide balance. In infectious diseases, various inflammatory cells are activated and reactive oxygen species are produced as result of the struggle with microorganisms. Thiol-disulphide homeostasis and cytokine levels are also affected in this organism. In our preliminary experiments, grafts implanted into subcutaneous pockets were inoculated with 1 ml saline solution containing MRSA strain at a concentration of 2x10 7 CFU/ml using a sterile tuberculin syringe. On the 7th day, grafts were explanted then evaluated by quantitative cultures based on previous studies 8 . Our microbiologic evaluation of the preliminary work revealed that 2x10 7 CFU/ml MRSA used in previous reports was not sufficient to ensure experimental graft infection since some of the examined grafts were not infected at all. Therefore, in our study protocol we inoculated the pre-implanted subcutaneous pocket grafts with 1 ml saline solution containing MRSA strain at a concentration of 0.9x10 9 CFU/ ml (3xMcFarland) using a sterile tuberculin syringe 9 . The pockets were then closed by 5/0 polypropylene sutures (Dogsan Ltd, Turkey). The animals were then returned to individual cages and examined daily for presence of local signs of perigreft inflammation.
Study groups and protocol
Animals were randomly assigned into five study groups each consisting of eight animals: Sham (S) group, Control (C) group, Vancomycin (V) group, Ozone (O 3 ) group and Vancomycin + ozone (V+O 3 ) group.
• Sham Group: Grafts were not contaminated and no treatment was given.
• Control Group: Grafts were contaminated and no treatment was given.
• Vancomycin Group: Grafts were contaminated. Three days after the implantation vancomycin (Vancomycin hydrochloride; Hospira, UK) at a dose of 40 mg/kg/d was administered through intramuscular (IM) route for seven days.
• Ozone Group: Grafts were contaminated. Ozonized oxygen was produced from medical oxygen by using an ozone gas processor (OZONOSAN Photonik 1014; Hansler GmbH, Iffezheim, Germany). Ozone concentrations were monitored in real time by a built in-UV spectrometer. Three days after the contamination ozone/oxygen gas mixture (%97 O 2 + %3 O 3 ) was delivered via intraperitoneal (IP) route at a dose of 0.7 mg/kg/d (70µg/ml) for seven days.
• Vancomycin + Ozone Group: Grafts were contaminated. Combinations of vancomycin and ozone therapies were applied for seven days.
In all groups grafts were explanted on the 10 th day after the implantation and animals were sacrificed via exsanguination.
Assessment of infection
VThe explanted grafts were placed in sterile tubes, washed in sterile saline solution, placed in tubes containing 10 ml phosphate-buffered saline (PBS) solution and sonicated for 2 min to remove the adherent bacteria from the grafts. Quantification of viable bacteria was performed by serial 10-fold dilutions (0.1 ml) of the bacterial suspension on blood agar plates. All plates were incubated at 37 o C for 48 h and evaluated for the presence of staphylococcal strain. The organisms were quantified by counting the number of colony forming units per plate 8, 10 . The quantity of bacterial growth for each animal was assessed in terms of CFU/ml and converted to log10 for statistical analysis.
Biochemical analyses
Blood samples centrifuged in the cold at 2300xg for 10 min. Serum samples were separated and stored at -80oC. Serum thioldisulphide profile tests were performed using a recently developed novel and automatic measurement method by using an automated clinical chemistry analyser (Roche, cobas 501, Mannheim, Germany). Serum native (-SH) and total thiol (-SH + -S-S-) amounts were measured as a paired test. The subtraction of native from total thiol concentrations gave the The effects of ozone on bacterial growth and thiol-disulphide homeostasis in vascular graft infection caused by MRSA in rats Ozturk B et al.
Acta Cir Bras. 2017;32(3):219-228 disulphide (-S-S-) amounts. The disulphide/ native thiol, disulphide/total thiol and native thiol/total thiol ratios were also calculated 11 .
Cytokines detections
Serum IL-1, IL-4, IL-10, TNF-α were measured by enzyme-linked immunosorbent assay (ELISA) using eBioscience kits. VEGF levels were measured using Bioassay Technology Laboratory ELISA kit (Cat No: E0940Ra) according to the manufacturer's instructions.
Statistical analysis
Data were statistically analyzed using the SPSS 17.0 statistical program (SPSS Inc., Chicago, IL). Kolmogorov-Smirnov Test was used for examining the normality of distributions of the data. For data that were not normally distributed such as colony numbers for each group, the median and range values were indicated. Mann-Whitney U and Kruskal Wallis tests were used to compare non-parametric continuous variables in independent groups. ANOVA test was used to compare the means of thiol, disulphide and Mann-Whitney U test was used to statistically analyse interleukin levels in sera. A 0.05 type 1 error level was used to infer statistical significance.
■ Results
There was no mortality in any of the study groups. No bacterial growth was observed in rats in the sham group (Data not shown). The quantities of bacterial growth for each animal are presented in Table 1 and the median colony counts for each group except the sham group are shown in Figure 1 . The bacterial count in the Group C was significantly higher when compared to Groups V and V+O 3 (p=0.001). There was no statistically significant difference in terms of median colony counts between the Groups V and V+O 3 (p=0.165). It was observed that although statistically nonsignificant, there were more colonies in the Group V+O 3 as compared to Group V (Table  1) . Median colony count was significantly higher in the O 3 Group than the V and V+O 3 Groups (p=0.001). In the O 3 Group median colony count was also higher compared to the C Group, however this difference was not statistically significant ( Figure 1 ). The quantity of bacterial growth for each animal was assessed in terms of CFU/ml and converted to log10. 
Total thiol levels were higher in Group O3 compared to the Groups C (p=0.003), V (p=0.001) and V+O 3 (p=0.002) (Figure 2 ). Compared to the Group S total thiol levels were higher in Ozone Group O 3 and lower in C, V and V+O 3 Groups. However, these findings were not statistically significant. Native thiol (-SH) levels increased significantly only in Group V+O 3 (p=0.037) compared to controls. In Group O 3 , disulphide (-S-S) levels measured higher compared to the Control (C; p=0.008), Vancomycin (V; p=0.000) and Vancomycin + Ozone (V+O 3 ; p=0.001) Groups. Disulphide (-S-S) levels were higher in O 3 but lower in Groups C, V and V+O 3 compared to Group S. These differences were not statistically significant. In V and V+O 3 Groups compared to the O 3 Group, disulphide/native thiol (-S-S/-SH) ratios were lower (p=0.002, p=0.003, respectively). Disulphide/total thiol (-S-S/(-S-S+-SH)) ratios in Groups V and V+O3 were also lower compared to the O 3 Group (p=0.001 and p=0.002, respectively). Native thiol/total thiol (-SH/(-S-S+-SH)) ratios were higher in Groups V (p=0.001) and V+O 3 (p=0.002), compared to the Group O 3 . Albumin levels were lower in Groups V (p=0.000) and V+O 3 (p=0.001) compared to Group S (Figure 3) . In Group V albumin levels were lower compared to the Controls (p=0.000). Infection caused a significant increase in IL-1 and TNF-alpha levels as expected
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( Figure 4 ). This increase was persistant in all infected study groups regardless of the therapy applied. There was no significant difference in IL-10 levels among study groups (Figure 4) . Ozone therapy caused an increase in IL-4 levels ( Figure 5 ). Infection caused a decrease in VEGF levels in control and vancomycin groups whereas ozone therapy reversed this decrease (Figure 4) .
■ Discussion
S. aureus is one of the most common organisms that cause vascular graft infections, especially in early-onset setting. Among staphylococcus strains methicillinresistant staphylococci should be considered as one of the possible causes of infections particularly in vascular surgery patients in the postoperative period
.
In vascular graft infections, vancomycin is recommended both in treatment of MRSA infections and initial empiric therapy 1 . Mese et al. 10 found that vancomycin effectively reduced bacterial growth when administered intraperitoneally in an experimental graft infection model in rats. Yasim et al. 12 showed the intraperitoneal vancomycin treated group had statistically significant less MRSA growth in a rat model. They also noted that vancomycinsoaked Dacron graft showed no evidence of infection. In our study, we also found that the number of colonies reduced significantly in Group V compared to the Group C (p=0.001).
Ozone can cause cellular toxicity and serious side effects by inducing oxidative stress. The daily safe dose range of ozone was reported to be 0.5-1 mg/kg/d in rats 13 . We preferred to use ozone as (0.7 mg/kg/d) since this dose has been previously employed in experimental studies mimicking infectious disorders such as osteomyelitis, peritonitis and mediastinitis
The antibacterial effect of ozone was investigated in different bacteria. However, its effect after treatment is not clear. A study by Polydorou et al. 15 showed that the viability of Lactobacillus casei was not influenced by ozone in contrast to Streptococcus mutans (S. mutans), in a tooth cavity model. Ozone therapy reduced the number of S. mutans when compared to the untreated controls, however the surviving number of the bacteria was even higher than the reduced numbers. Authors discussed that the recommended doses of ozone application to destroy bacteria were variable and extended application period should be considered for 
more effective therapies against resistant bacteria. Thanomsub et al. 16 showed ozone not to affect bacterial cell viability enough in bacterial concentrations greater than 10 6 CFU/ ml even after 150 minutes of treatment.
We didn't observe any antibacterial activity of ozone in our study. In contrast, we observed that ozone increased the number of colonies compared to the Group C. This effect of ozone was statistically not significant (p=0.172). There were more colonies in the O 3 group compared with the Group V and this difference was statistically significant (p=0.001). Silva et al. 5 reported no statistically significant difference in bactericidal effect between the ozone and CO 2 treatments after 24 hours of pneumoperitoneum. The same study reported that the mean of colony numbers in the ozone group increased. In a septic rat model study by Torossian et al. 17 ozone pre-treatment seemed to reduce the survival rates. Martin-Barrasa et al. 18 reported that rats which ozone was applied as an adjunct to antibiotic treatment had a worsening of clinical condition compared to animals which treated only with antibiotic in a peritoneal sepsis model.
In our study, the number of colonies in V+O 3 group was lower than the Groups of O 3 (p=0.001) and the C (p=0.001). On the other hand, although not statistically significant, the number of colonies in V+O 3 Group was greater than the V Group (Figure 1 ). This reduction in colony numbers might be due to the vancomycin treatment whereas ozone seems to increase the bacterial growth. Burgassi et al. 19 showed that in the presence of plasma proteins, both S.aureus and MRSA were protected against ozone and bacterial viability remained complete even with the highest doses of ozone. A systematic review of literature by Azarpazhooh et al. 3 points out the conflicting evidence of antimicrobial efficacy of ozone while Lynch 20 comments that ozone can be effective if applied for an adequate time, in sufficient concentrations and into the lesions.
Ozone is powerful oxidant and an unstable molecule at high concentrations. Because it is an unstable molecule, ozone can act as an oxidant or a reductant. Along with its antibacterial effects we investigated the oxidative effects of ozone in our system. Thiol-disulphide homeostasis is an important component of antioxidant protection and immune response. Thiols are affected by oxidation and converted to disulphides. Depending on the oxidant-antioxidant balance of the organism, the reversible disulphide bonds can be reduced to thiol 11, 21 . Recently, several studies have emphasized the importance of thiol disulphide homeostasis in infection. Ozyazici et al. 22 showed that both native and total thiol and the native thiol/total thiol ratio decreased, while disulphide/native thiol, disulphide/total thiol ratios increased in acute appendicitis. Similar results have been observed in different infections 6, 7 . Contrary to these studies we found that total thiol and disulphide levels increased and disulphide/ native thiol and disulphide/total thiol ratios decreased in Group O 3 ( Figure 2 ). Blood levels of ozone are unpredictable when the agent is used for therapeutic purposes. It is possible that individual metabolic changes contribute to this unclear blood levels.
In our study, we found that the number of colonies increased in ozone applied study groups including V+O 3 ( Figure 1 ). We thought that this result may be due to the oxidant property of the ozone molecule on vancomycin disrupting its tricyclic glycosylated peptide structure of vancomycin molecule. Indeed, a study by Dodd et al. also reported O 3 to cause stoichiometric elimination of antibacterial activity of many antibacterial molecules including vancomycin 23 . This may be due to that the ozone molecules may attach to vancomycin molecules similarly to the thiols, since vancomycin molecule also has electronemitting potential as thiols.
Proteins such as albumin also have functional -SH groups. Albumin has an important role in serum total antioxidant
Acta Cir Bras. 2017;32(3):219-228 capacity. Albumin levels decrease due to rapid degradation in inflammation and oxidative stress 21 . In this study, albumin levels decreased in all study groups but this decrease was statistically significant only between V and V+O 3 Groups vs. S Group (Figure 3 ). This result associated with infection and oxidative stress caused by ozone.
Another important component of infection is the immunological responses to the process. There are also some conflicting reports on ozone's immunological effects. Burleson et al. showed that pulmonary ozone exposure caused a suppression of naturel killer cells activity 24 . Torossian et al. 17 showed that cytokine levels including TNF-alpha were significantly increased with ozone pretreatment in septic rats. In our study, infection caused a significant increase in IL-1 and TNFalpha levels as expected (Figure 4 ). This increase was persistent in all infected study groups regardless of the therapy applied. Our findings are in aggrement with studies reporting ozone to induce the production of IL-1 and TNF-alpha in the lung tissue 25, 26 . Interestingly, infection caused a decrease in VEGF levels in control and vancomycin groups while ozone therapy reversed this effect in O 3 and V+O 3 Groups (Figure 4 ). Our findings are in agreement with a study by Tandara et al. 27 showing that the H 2 O 2 formed by ozone treatment to increase production of growth factors, mainly VEGF. VEGF, a procoagulant/proinflammatory agent is a late marker of sepsis 28 . Some studies reported an association between severe sepsis and elevated levels of VEGF in circulation 28, 29 .
On the other hand, VEGF levels decreased in severe pulmonary disease, because of the failed repair mechanism 29, 30 . Another antiinflammatory cytokine, IL4 also increased in O 3 and V+O 3 Groups ( Figure 5 ). Although one may argue that increased levels of IL-4 can be an indicator of protective effects of ozone in inflammatory processes, decreased VEGF levels contradict this suggestion. Overall, our findings of VEGF and IL4, along with TNF and IL-1 data, suggest no clear therapeutical role of ozone in infection therapy.
■ Conclusions
Although ozone is a powerful disinfectant we observed no additional antibacterial effect of ozone in experimental vascular graft infection when used in combination with standard antimicrobial therapy. At the same time, we observed diverse effects of ozone on thiol-disulphide homeostasis and inflammatory cytokines. Ozone is an unstable molecule, and its therapeutic effects and states in metabolic reactions are unpredictable. Thus, ozone should be approached with caution as a supportive therapy in infectious diseases and inflammation.
■
